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Abstract
We build the complete supersymmetric version of a 3-4-1 gauge
model using the superfield formalism. We point out that a discrete
symmetry, similar to the R-symmetry in the minimal supersymmetric
standard model, is possible to be defined in this model. Hence we
have both R-conserving and R-violating possibilities. We also discuss
some phenomenological results coming from this model.
PACS numbers: 12.60.-i, 12.60.Jv
1 Introduction
The full symmetry of the so called Standard Model (SM) is the gauge group
SU(3)c ⊗ SU(2)L ⊗ U(1)Y . Nevertheless, the SM is not considered as the
ultimate theory since neither the fundamental parameters, masses and cou-
plings, nor the symmetry pattern are predicted. Even though many aspects
of the SM are experimentally supported to a very accuracy, the embedding
of the model into a more general framework is to be expected.
Some of these possibilities is that, at energies of a few TeVs, the gauge
symmetry may be SU(3)c ⊗ SU(3)L ⊗ U(1)N (3-3-1 for shortness) [1, 2,
3]. Recently, the supersymmetric version of these model have alreday benn
constructed in [4, 5]. These 3-3-1 models can be embedded in a model with
3-4-1, its mean SU(3)c ⊗ SU(4)L ⊗ U(1)N gauge symmetry [6].
In SU(4)L ⊗ U(1)N , the most general expression for the electric charge
generator is a linear combination of the four diagonal generators of the gauge
group
Q =
1
2
(
aλ3 +
b√
3
λ8 +
c√
6
λ15
)
+NI4×4
= diag
[
1
2
(
a+
b
3
+
c
6
)
+N,
1
2
(
−a+ b
3
+
c
6
)
+N,
1
2
(−2b
3
+
c
6
)
+N,
−c
4
+N
]
,
(1)
where λi, being the Gell-Mann matrices for SU(4)L, see [7, 8], normalized as
Tr(λiλj) = 2δij , I4×4 = diag(1, 1, 1, 1) is the diagonal 4× 4 unit matrix, and
a, b and c are free parameters to be fixed next. Therefore, there is an infinite
number of models can, in principle, be constructed.
A model with the SU(4) ⊗ U(1) symmetry in the lepton sector, quarks
were not considered on this work, was suggested some years ago in Ref. [9],
in wchich the magnetic moment of neutrinos arises as the result of charged
scalars that belong to an SU(4) sextet, and the mass of neutrino arises at
two-loop level as the result of electroweak radiative correction.
The 3-4-1 model in Ref. [6] contain exotic electric charges only in the
quark sector, while leptons have ordinary electric charges and gauge bosons
have integer electric charges. The best feature of this model is that it provides
us with an alternative to the problem of the number Nf of fermion families.
These sort of models are anomaly free only if there are equal number of
quadriplet and anti-quadriplet (considering the color degrees of freedom),
and furthermore requiring the sum of all fermion charges to vanish. Two of
the three quark generations transform identically and one generation, it does
not matter which one, transforms in a different representation of SU(4)L ⊗
U(1)N . This means that in these models as in the SU(3)c⊗SU(3)L⊗U(1)N
ones [1], in order to cancel anomalies, the number of families (Nf) must be
divisible by the number of color degrees of freedom (n). This fact, together
with asymptotic freedom in QCD, the model predicts that the number of
generations must be three and only three.
On the other hand, at low energies these models are indistinguishable from
the SM. There is a very nice review about this kind of model see [10, 11].
This make 3-4-1 model interesting by their own. In this article we construct
the supersymmetric version of the model in Ref [6].
The outline of the paper is as follows. In Sec. 2 we present the represen-
tation content of the supersymmetric 3-4-1 model. We build the lagrangian
in Sec. 3. While in Sec. 4, we discuss the double charged charginos inthis
model, while in the last section we present our conclusion.
2 The model
In this section (Sec. 2.1) we review the non-supersymmetric 3-4-1 model of
Refs. [6] and add the superpartners (Sec. 2.2) of the usual particles of the non
supersimmetric model. The superfields, useful to construct the supersimmet-
ric lagrangian of the model, associated with the particles of this model are
introduced in section (Sec. 2.3).
2.1 The representation content
In the model of Ref. [6], the free parameters for the eletric charge generators
are
a = 1, b = −1, c = −4, (2)
and Eq.(1) can be rewritten as
Q =
1
2
(
λ3 − 1√
3
λ8 − 4√
6
λ15
)
+NI4×4,
= diag(N,N − 1, N,N + 1). (3)
However, let us first consider the particle content of the model without su-
persymmetry. We have the leptons transforming in the lowest representation
of SU(4)L the quartet
1 in the following way
LaL =


νa
la
νca
lca


L
∼ (1, 4, 0), a = 1, 2, 3. (4)
In parenthesis it appears the transformations properties under the respective
factors (SU(3)C , SU(4)L, U(1)N).
In the quark sector, one quark family is also put in the quartet represen-
tation
Q1L =


u1
d1
u′
J


L
∼
(
3, 4,
2
3
)
, (5)
1In the same way as proposed by Voloshin [9] in order to understand the existence of
neutrinos with large magnetic moment and small mass.
and the respective singlets are given by
uc1L ∼
(
3∗, 1,−2
3
)
, dc1L ∼
(
3∗, 1,
1
3
)
,
u′cL ∼
(
3∗, 1,−2
3
)
, JcL ∼
(
3∗, 1,−5
3
)
, (6)
writing all the fields as left-handed; u′ and J are new quarks with charge
+2/3 and +5/3 respectively.
The others two quark generations, as we have explained in the introduc-
tion, we put in the anti-quartet representation
Q2L =


d2
u2
d′1
j1


L
∼
(
3, 4∗,−1
3
)
, Q3L =


d3
u3
d′2
j2


L
∼
(
3, 4∗,−1
3
)
, (7)
and also with the respective singlets,
ucαL ∼
(
3∗, 1,−2
3
)
, dcαL ∼
(
3∗, 1,
1
3
)
,
d′cβL ∼
(
3∗, 1,
1
3
)
, jcβL ∼
(
3∗, 1,
4
3
)
, (8)
jβ and d
′
β, β = 1, 2 are new quarks with charge −4/3 and −1/3 respec-
tively, while α = 2, 3 is the familly index for the quarks. We remind that in
Eqs. (4,5,6,7,8) all fields are still symmetry eigenstates.
On the other hand, the scalars, in quartet, which are necessary to generate
the quark masses are
η =


η01
η−1
η02
η+2

 ∼ (1, 4, 0)
ρ =


ρ+1
ρ0
ρ+2
ρ++

 ∼ (1, 4, 1)
χ =


χ−1
χ−−
χ−2
χ0

 ∼ (1, 4,−1) . (9)
In order to avoid mixing among primed and unprimed quarks, we have to
introduce an extra scalar transforming like η but with different vacuum ex-
pectation value (VEV)
φ =


φ01
φ−1
φ02
φ+2

 ∼ (1, 4, 0) . (10)
In order to obtain massive charged leptons it is necessary to introduce the
following symmetric anti-decuplet
H =


H01 H
+
1 H
0
2 H
−
2
H+1 H
++
1 H
+
3 H
0
3
H02 H
+
3 H
0
4 H
−
4
H−2 H
0
3 H
−
4 H
−−
2

 ∼ (1, 10∗, 0) . (11)
then the charged leptons get a mass but neutrinos remain massless, at least
at tree level.
2.2 Supersymmetric partners
Now, we introduce the minimal set of particles in order to implement the
supersymmetry [12]. We have the sleptons corresponding to the leptons
in Eq. (4); squarks related to the quarks in Eqs.(6)-(8); and the Higgsinos
related to the scalars given in Eqs. (9) and (11). Then, we have to introduce
the following additional particles
Q˜1L =


u˜1
d˜1
u˜′
J˜


L
∼
(
3, 4,
2
3
)
, Q˜αL =


d˜α
u˜α
d˜′β
j˜β


L
∼
(
3, 4∗,−1
3
)
,
L˜aL =


ν˜a
l˜a
ν˜ca
l˜ca


L
∼ (1, 4, 0),
uciL ∼
(
3∗, 1,−2
3
)
, dciL ∼
(
3∗, 1,
1
3
)
,
u′cL ∼
(
3∗, 1,−2
3
)
, JcL ∼
(
3∗, 1,−5
3
)
,
d′cβL ∼
(
3∗, 1,
1
3
)
, jcβL ∼
(
3∗, 1,
4
3
)
. (12)
Where α = 2, 3 and β = 1, 2. The higgsinos of these model are given by
η˜ =


η˜01
η˜−1
η˜02
η˜+2

 ∼ (1, 4, 0) , φ˜ =


φ˜01
φ˜−1
φ˜02
φ˜+2

 ∼ (1, 4, 0) ,
ρ˜ =


ρ˜+1
ρ˜0
ρ˜+2
ρ˜++

 ∼ (1, 4, 1) , χ˜ =


χ˜−1
χ˜−−
χ˜−2
χ˜0

 ∼ (1, 4,−1) ,
(13)
H˜ =


H˜01 H˜
+
1 H˜
0
2 H˜
−
2
H˜+1 H˜
++
1 H˜
+
3 H˜
0
3
H˜02 H˜
+
3 H˜
0
4 H˜
−
4
H˜−2 H˜
0
3 H˜
−
4 H˜
−−
2

 (1, 10∗, 0) . (14)
Besides, in order to to cancel chiral anomalies generated by the superpart-
ners of the scalars, we have to add the following higgsinos in the respective
anti-quartet representation,
η′ =


η′01
η′+1
η′02
η′−2

 ∼ (1, 4∗, 0) , φ′ =


φ′01
φ′+1
φ′02
φ′−2

 ∼ (1, 4∗, 0)
ρ′ =


ρ′−1
ρ′0
ρ′−2
ρ′−−

 ∼ (1, 4∗,−1) , χ′ =


χ′+1
χ′++
χ′+2
χ′0

 ∼ (1, 4∗, 1) , (15)
and the decuplet
H ′ =


H ′01 H
′−
1 H
′0
2 H
′+
2
H ′−1 H
′−−
1 H
′−
3 H
′0
3
H ′02 H
′−
3 H
′0
4 H
′+
4
H ′+2 H
′0
3 H
′+
4 H
′++
2

 ∼ (1, 10, 0) . (16)
Their superpartners, higgsinos, are
η˜′ =


η˜′01
η˜′+1
η˜′02
η˜′−2

 ∼ (1, 4∗, 0) , φ˜′ =


φ˜′01
φ˜′+1
φ˜′02
φ˜′−2

 ∼ (1, 4∗, 0) ,
ρ˜′ =


ρ˜′−1
ρ˜′0
ρ˜′−2
ρ˜′−−

 ∼ (1, 4∗,−1) , χ˜′ =


χ˜′+1
χ˜′++
χ˜′+2
χ˜′0

 ∼ (1, 4∗, 1) , (17)
H˜ ′ =


H˜ ′01 H˜
′−
1 H˜
′0
2 H˜
′+
2
H˜ ′−1 H˜
′−−
1 H˜
′−
3 H˜
′0
3
H˜ ′02 H˜
′−
3 H˜
′0
4 H˜
′+
4
H˜ ′+2 H˜
′0
3 H˜
′+
4 H˜
′++
2

 ∼ (1, 10, 0) . (18)
The vev of our scalars are given by
〈η〉 =
(
v√
2
, 0, 0, 0
)
, 〈ρ〉 =
(
0,
u√
2
, 0, 0
)
, 〈φ〉 =
(
0, 0,
z√
2
, 0
)
, 〈χ〉 =
(
0, 0, 0,
w√
2
)
,
〈H03 〉 =
x√
2
, 〈H01 〉 = 〈H02〉 = 〈H04 〉 = 0,
〈η′〉 =
(
v′
2
, 0, 0, 0
)
, 〈ρ′〉 =
(
0,
u′√
2
, 0, 0
)
, 〈φ′〉 =
(
0, 0,
z′√
2
, 0
)
, 〈χ〉 =
(
0, 0, 0,
w′√
2
)
,
〈H ′03 〉 =
x′√
2
, 〈H ′01 〉 = 〈H ′02 〉 = 〈H ′04 〉 = 0.
(19)
Concerning the gauge bosons and their superpartners, if we denote the
gluons by gb the respective superparticles, the gluinos, are denoted by λbC ,
with b = 1, . . . , 8; and in the electroweak sector we have V a, with a =
1, . . . , 15; the gauge boson of SU(4)L, and their gauginos partners λ
b
A; finally
we have the gauge boson of U(1)N , denoted by V
′, and its supersymmetric
partner λB.
2.3 Superfields
The superfields formalism is useful in writing the Lagrangian which is mani-
festly invariant under the supersymmetric transformations [13] with fermions
and scalars put in chiral superfields while the gauge bosons in vector super-
fields. As usual the superfield of a field φ will be denoted by φˆ [12]. The
chiral superfield of a multiplet φ is denoted by
φˆ ≡ φˆ(x, θ, θ¯) = φ˜(x) + i θσmθ¯ ∂mφ˜(x) + 1
4
θθ θ¯θ¯ ✷φ˜(x)
+
√
2 θφ(x) +
i√
2
θθ θ¯σ¯m∂mφ(x)
+ θθ Fφ(x), (20)
while the vector superfield is given by
Vˆ (x, θ, θ¯) = −θσmθ¯Vm(x) + iθθθ¯V˜ (x)− iθ¯θ¯θV˜ (x)
+
1
2
θθθ¯θ¯D(x). (21)
The fields F and D are auxiliary fields which are needed to close the su-
persymmetric algebra and eventually will be eliminated using their motion
equations.
Summaryzing, we have in the 3-4-1 supersymmetric model the following
superfields: Lˆ1,2,3, Qˆ1,2,3, ηˆ, ρˆ, χˆ, φˆ, Hˆ; ηˆ
′, ρˆ′, χˆ′, φˆ′, Hˆ ′; uˆc1,2,3, dˆ
c
1,2,3, u
′, d′1,2,
Jˆ and jˆ1,2, i.e., 28 chiral superfields, and 24 vector superfields: Vˆ
a, Vˆ α and
Vˆ ′.
3 The Lagrangian
With the superfields introduced in the last section we can built a supersym-
metric invariant lagrangian. It has the following form
L341 = LSUSY + Lsoft. (22)
Here LSUSY is the supersymmetric piece, while Lsoft explicitly breaks SUSY.
Below we will write each of these lagrangians in terms of the respective
superfields.
3.1 The Supersymmetric Term.
The supersymmetric term can be divided as follows
LSUSY = LLepton + LQuarks + LGauge + LScalar, (23)
where each term is given by
LLe´pton =
∫
d4θ
[
ˆ¯Le2gVˆ Lˆ
]
, (24)
LQuarks =
∫
d4θ
{
ˆ¯Q1e
[2gsVˆC+2gVˆ+g′( 23)Vˆ ′]Qˆ1 +
ˆ¯Qαe
[
2gsVˆC+2g
ˆ¯V+g′(− 1
3
)Vˆ ′
]
Qˆα
+ ˆ¯u
c
ie
[
2gs
ˆ¯V C+g
′(− 2
3
)Vˆ ′
]
uˆci +
ˆ¯d
c
ie
[
2gs
ˆ¯V C+g
′( 1
3
)Vˆ ′
]
dˆci +
ˆ¯J
c
e
[
2gs
ˆ¯V C+g
′(− 5
3
)Vˆ ′
]
Jˆc
+ ˆ¯j
c
βe
[
2gs
ˆ¯V C+g
′( 4
3
)Vˆ ′
]
jˆcβ + ˆ¯u
′c
e[2gs
ˆ¯V C+g
′(− 2
3
)Vˆ ′]uˆ′c + ˆ¯d
′c
β e
[2gs
ˆ¯V C+g
′( 1
3
)Vˆ ′]dˆ′cβ
}
,
(25)
where α = 2, 3 and β = 1, 2, while the third term is
LGauge =
1
4
∫
d2θ Tr[WCWC ] +
1
4
∫
d2θ Tr[WLWL] +
1
4
∫
d2θW ′W ′
+
1
4
∫
d2θ¯ T r[W¯CW¯C ] +
1
4
∫
d2θ¯ T r[W¯LW¯L] +
1
4
∫
d2θ¯W¯ ′W¯ ′
(26)
where Vˆc = T
aVˆ ac , Vˆ = T
iVˆ i and T a = λa/2 are the generators of SU(3) i.e.,
a = 1, · · · , 8, and T i = λi/2 are the generators of SU(4) i.e., i = 1, · · · , 15,
and gs, g and g
′ are the gauge coupling of SU(3)C , SU(4)L and U(1)N . W ac ,
W i and W ′ are the strength fields, and they are given by
W aαc = −
1
8gs
D¯D¯e−2gsVˆcDαe−2gsVˆc
W aα = −
1
8g
D¯D¯e−2gVˆDαe−2gVˆ
W ′α = −
1
4
D¯D¯DαVˆ
′ . (27)
Finally
LEscalar =
∫
d4θ
[
ˆ¯ηe2gVˆ ηˆ + ˆ¯ρe(2gVˆ+g
′Vˆ ′)ρˆ+ ˆ¯χe(2gVˆ−g
′Vˆ ′)χˆ+ ˆ¯φe2gVˆ φˆ+ ˆ¯He2gVˆ Hˆ
+ ˆ¯η
′
e2g
ˆ¯V ηˆ′ + ˆ¯ρ′e
(
2g ˆ¯V−g′Vˆ ′
)
ρˆ′ + ˆ¯χ′e
(
2g ˆ¯V+g′Vˆ ′
)
χˆ′ + ˆ¯φ
′
e2gVˆ φˆ′ + ˆ¯H
′
e2g
ˆ¯V Hˆ ′
]
+
∫
d2θW +
∫
d2θ¯W (28)
where W is the superpotential, which we discuss in the next subsection.
3.2 Superpotential.
The superpotential of our model is given by
W =
W2
2
+
W3
3
, (29)
with W2 having only two chiral superfields and the terms permitted by our
symmetry are
W2 =
3∑
a=1
µ0aLˆaLηˆ
′+
3∑
a=1
µ1aLˆaLφˆ
′+µηηˆηˆ′+µφφˆφˆ′+µ2ηˆφˆ′+µ3φˆηˆ′+µρρˆρˆ′+µχχˆχˆ′+µHHˆHˆ ′,
(30)
and in the case of three chiral superfields the terms are
W3 =
3∑
a=1
3∑
b=1
3∑
c=1
λ1abcǫLˆaLLˆbLLˆcL +
3∑
a=1
3∑
b=1
λ2abǫLˆaLLˆbLηˆ +
3∑
a=1
3∑
b=1
λ3abǫLˆaLLˆbLφˆ
+
3∑
a=1
3∑
b=1
λ4abLˆaLLˆbLHˆ +
3∑
a=1
λ5aǫLˆaLχˆρˆ+ f1ǫρˆχˆηˆ + f2ǫρˆχˆφˆ+ f3ηˆηˆHˆ + f4ηˆφˆHˆ
+ f5φˆφˆHˆ + f6χˆρˆHˆ + f
′
1ǫρˆ
′χˆ′ηˆ′ + f ′2ǫρˆ
′χˆ′φˆ′ + f ′3ηˆ
′ηˆ′Hˆ ′ + f ′4ηˆ
′φˆ′Hˆ ′
+ f ′5φˆ
′φˆ′Hˆ ′ + f ′6χˆ
′ρˆ′Hˆ ′ +
3∑
i=1
κ1iQˆ1Lηˆ
′uˆciL + κ
′
1Qˆ1Lηˆ
′uˆ′cL +
3∑
i=1
κ2iQˆ1Lφˆ
′uˆciL + κ
′
2Qˆ1Lφˆ
′uˆ′cL
+
3∑
i=1
κ3iQˆ1Lρˆ
′dˆciL +
2∑
β=1
κ3βQˆ1Lρˆ
′dˆ′cβL + κ4Qˆ1Lχˆ
′JˆcL +
3∑
α=2
3∑
i=1
κ5αiQˆαLρˆuˆ
c
iL +
3∑
α=2
κ′5αQˆαLρˆuˆ
′c
L
+
3∑
α=2
3∑
i=1
κ6αiQˆαLηˆdˆ
c
iL +
3∑
α=2
2∑
β=1
κ′6αβQˆαLηˆdˆ
′c
βL +
3∑
α=2
3∑
i=1
κ7αiQˆαLφˆdˆ
c
iL
+
3∑
α=2
2∑
β=1
κ′7αβQˆαLφˆdˆ
′c
βL +
3∑
α=2
2∑
β=1
κ8αβQˆαLχˆjˆ
c
βL
+
3∑
α=2
3∑
a=1
3∑
i=1
κ9αaiQˆαLLˆaLdˆ
c
iL +
3∑
a=1
2∑
α=1
2∑
β=1
κ′9aαβLˆaLQˆαLdˆ
′c
βL +
3∑
i=1
3∑
j=1
3∑
k=1
ξ1ijkdˆ
c
iLdˆ
c
jLuˆ
c
kL
+
3∑
i=1
3∑
j=1
ξ2ijdˆ
c
iLdˆ
c
jLuˆ
′c
L +
3∑
i=1
2∑
β=1
3∑
j=1
ξ3iβjdˆ
c
iLdˆ
′c
βLuˆ
c
jL +
3∑
i=1
2∑
β=1
ξ4iβj dˆ
c
iLdˆ
′c
βLuˆ
′c
L
+
2∑
α=1
2∑
β=1
3∑
i=1
ξ6αβidˆ
′c
αLdˆ
′c
βLuˆ
c
iL +
2∑
α=1
2∑
β=1
ξ6αβdˆ
′c
αLdˆ
′c
βLuˆ
′c
L +
3∑
i=1
3∑
j=1
2∑
β=1
ξ7ijβuˆ
c
iLuˆ
c
jLjˆ
c
βL
+
3∑
i=1
2∑
β=1
ξ8iβuˆ
c
iLuˆ
′c
Ljˆ
c
βL +
2∑
β=1
ξ9βuˆ
′c
Luˆ
′c
Ljˆ
c
βL +
3∑
i=1
2∑
β=1
ξ10iβdˆ
c
iLJˆ
c
Ljˆ
c
βL.
(31)
In the next subsection, we will show that it is possible to define the R-
parity symmetry, the phenomenology of this model with R-parity conserved
has similar features to that of the R-conserving MSSM: the supersymmetric
particles are pair-produced and the lightest neutralino is the lightest su-
persymmetric particle (LSP), see in (subsection 3.2.2). Then in (subsection
3.2.3) we will show that there are terms that will induce mass to the neutrinos
of the model.
3.2.1 Discrete R-Parity in SUSY341
To get the terms that are invariant under discrete R-parity in the superpo-
tential, we need to check the following condition [14]
∫
d2θ
∏
a
Φa(x, θ, θ¯) , if
∑
a
na = 0. (32)
Choosing the following R-charges
nη′ = nφ = nρ = nH′ = 1, nη = nφ = nρ′ = nH = −1,
nL = nQ1 = nQα = ndi = nu′ =
1
2
, nJ = nj = −1
2
,
nui = nd′ = −
3
2
, nχ = nχ′ = 0, (33)
with this R-charge assignment, we get that all the usual particle in the 341
model has R-charge equal one while their superpartner has R-charge oppo-
site, as happen in the MSSM.
Next we will present some discussion about the physical consequences on
the superpotential, and point some likeness with the MSSM phenomenology.
3.2.2 R-parity conservation
The terms in the superpotential that satisfy the R-parity, W2RC +W3RC , are
given by the following terms
W2RC = µηηˆηˆ
′ + µφφˆφˆ
′ + µρρˆρˆ
′ + µχχˆχˆ
′ + µHHˆHˆ
′,
W3RC =
3∑
a=1
3∑
b=1
λ2abǫLˆaLLˆbLηˆ +
3∑
a=1
3∑
b=1
λ4abLˆaLLˆbLHˆ + f1ǫρˆχˆηˆ + f6χˆρˆHˆ + f
′
1ǫρˆ
′χˆ′ηˆ′
+ f ′6χˆ
′ρˆ′Hˆ ′ +
3∑
i=1
κ1iQˆ1Lηˆ
′uˆciL + κ
′
2Qˆ1Lφˆ
′uˆ′cL +
3∑
i=1
κ3iQˆ1Lρˆ
′dˆciL + κ4Qˆ1Lχˆ
′JˆcL
+
3∑
α=2
3∑
i=1
κ5αiQˆαLρˆuˆ
c
iL +
3∑
α=2
3∑
i=1
κ6αiQˆαLηˆdˆ
c
iL +
3∑
α=2
2∑
β=1
κ′7αβQˆαLφˆdˆ
′c
βL
+
3∑
α=2
2∑
β=1
κ8αβQˆαLχˆjˆ
c
βL. (34)
The first term inW3RC , will leave some leptons massless and some other mass
generate, because LaLb ≡ 4 ⊗ 4 = 6⊕ 10 and how this term is antisymmet-
ric in the generation indices (a, b) it implies that the Yukawa coupling λ2ab
is antisymmetric matrix. We have three antisymmetric factors hence only
the antisymmetric part of the coupling constants λ2ab gives a non-vanishing
contribution and the mass matrix has eigenvalues 0,−M,M , so that one of
the leptons does not gain mass and the other two are degenerate, at least at
tree level. Due this fact the second term will generate masses to the charged
leptons [6].
With this superpotential, it is possible to give mass to all charged fermions
in the model but neutrinos remain massless. Using Eq.(19) in Eq.(34), we
get the following mass matrices in the quark sector:
Γu =
1√
2


κ11v
′ κ12v′ κ13v′
κ521u κ522u κ523u
κ531u κ532u κ533u

 , (35)
for the u-quarks, and
Γd =
1√
2


κ31u
′ κ32u′ κ33u′
κ621v κ622v κ623v
κ631v κ632v κ633v

 , (36)
for the d-quarks, and for the exotic quarks, J and j1,2,we haveMJ = κ4w
′/
√
2
and
Γj =
w√
2
(
κ821 κ822
κ831 κ832
)
, (37)
respectively. The quark u′ get the following mass Mu′ = κ′2z
′/
√
2 while the
quark d′ has
Γd
′
=
z√
2
(
κ′721 κ
′
722
κ′731 κ
′
732
)
, (38)
From Eqs.(35) and (36) we see that all the VEVs from the quartet and
anti-quartet have to be different from zero in order to give mass to all quarks.
Notice also that the u-like and d-like mass matrices have no common VEVs.
On the other hand, the charged lepton mass matrix is already given by
M lij = xλ3ij/
√
2, where x is the VEV of the 〈H03 〉 component of the anti-
decuplet H in Eq.(11). However, all other VEV from the anti-decouplet and
from the x′ can both be zero since the decouplet H ′ does not couple to leptons
at all.
3.2.3 R-parity violation
While the R-parity violating terms are given by W2RV +W3RV , where
W2RV =
3∑
a=1
µ0aLˆaLηˆ
′ +
3∑
a=1
µ1aLˆaLφˆ
′ + µ2ηˆφˆ′ + µ3φˆηˆ′,
W3RV =
3∑
a=1
3∑
b=1
3∑
c=1
λ1abcǫLˆaLLˆbLLˆcL +
3∑
a=1
3∑
b=1
λ3abǫLˆaLLˆbLφˆ++
3∑
a=1
λ5aǫLˆaLχˆρˆ+ f2ǫρˆχˆφˆ
+ f3ηˆηˆHˆ + f4ηˆφˆHˆ + f5φˆφˆHˆ + f
′
2ǫρˆ
′χˆ′φˆ′ + f ′3ηˆ
′ηˆ′Hˆ ′ + f ′4ηˆ
′φˆ′Hˆ ′ + f ′5φˆ
′φˆ′Hˆ ′
+ κ′1Qˆ1Lηˆ
′uˆ′cL +
3∑
i=1
κ2iQˆ1Lφˆ
′uˆciL +
2∑
β=1
κ3βQˆ1Lρˆ
′dˆ′cβL +
3∑
α=2
κ′5αQˆαLρˆuˆ
′c
L
+
3∑
α=2
2∑
β=1
κ′6αβQˆαLηˆdˆ
′c
βL +
3∑
α=2
2∑
β=1
κ′7αβQˆαLφˆdˆ
′c
βL +
3∑
α=2
3∑
a=1
3∑
i=1
κ9αaiQˆαLLˆaLdˆ
c
iL
+
3∑
a=1
2∑
α=1
2∑
β=1
κ′9aαβLˆaLQˆαLdˆ
′c
βL +
3∑
i=1
3∑
j=1
3∑
k=1
ξ1ijkdˆ
c
iLdˆ
c
jLuˆ
c
kL +
3∑
i=1
3∑
j=1
ξ2ijdˆ
c
iLdˆ
c
jLuˆ
′c
L
+
3∑
i=1
2∑
β=1
3∑
j=1
ξ3iβj dˆ
c
iLdˆ
′c
βLuˆ
c
jL +
3∑
i=1
2∑
β=1
ξ4iβjdˆ
c
iLdˆ
′c
βLuˆ
′c
L +
2∑
α=1
2∑
β=1
3∑
i=1
ξ5αβidˆ
′c
αLdˆ
′c
βLuˆ
c
iL
+
2∑
α=1
2∑
β=1
ξ6αβdˆ
′c
αLdˆ
′c
βLuˆ
′c
L +
3∑
i=1
3∑
j=1
2∑
β=1
ξ7ijβuˆ
c
iLuˆ
c
jLjˆ
c
βL +
3∑
i=1
2∑
β=1
ξ8iβuˆ
c
iLuˆ
′c
Ljˆ
c
βL
+
2∑
β=1
ξ9βuˆ
′c
Luˆ
′c
Ljˆ
c
βL +
3∑
i=1
2∑
β=1
ξ10iβ dˆ
c
iLJˆ
c
Ljˆ
c
βL. (39)
The superpotential give in Eq.(39) provide us the mass terms for leptons
and higgsinos
−µ0a
2
LaLη˜
′ − µ1a
2
LaLφ˜
′ − µ2
2
η˜φ˜′ − µ3
2
φ˜η˜′ − λ5a
3
(LaLχ˜ρ+ ρ˜laLχ) + hc, (40)
wchich will induce mass for thre neutrinos as was show in [15, 14].
However the R-violating interactions can give the correct masses to e, µ
and τ , even without a decouplet in the same way as happened in thew mini-
mal supersymmetric 331 model, [15], where only the mixing between the hig-
gsinos with the leptons reproduce the mass spectrum of the physical charged
leptons.2.
2Work in progress.
u1
d1
ξ1 κ9
d˜c2, d˜
c
3
uc1, u
c
2
l+1 , l
+
2 , l
+
3
Proton Decay in charged leptons in the SUSY341 exchanging d˜.
u1
d1
ξ1
g
d˜c2
dc2
γ˜, Z˜, Z˜ ′
g
d1, d2
ξ3
d˜′c1 , d˜
′c
2
uc1, u
c
2
dc1, d
c
2
Proton Decay in charged leptons in the SUSY341 exchanging d˜′.
By another hand, the superpotential give at Eq.(39) will also induce the
proton decay. The terms proportional to κ9, ξ1, ξ3 would produce the domi-
nant decay p→ π0e+, shown in Figs.(3.2.3,3.2.3).
Remember that in the MSSM m˜d ∝ md, and due the fact that md′ >
md then it implies that m˜d′ > m˜d. Due this fact we can negligible the
contribution coming from the Fig.(3.2.3) and imposing
κ4α11ξ1α11 < 5, 29× 10−25, (41)
we will get that τ(p→ eπ) > 1.6× 1033 years [16] 3.
3The decay mode p → K+e∓µ±ντ was considered in Ref [16] is also present in this
model.
3.3 The soft terms
The soft terms can be written as
Lsoft = LGMT + LsoftScalar + LSMT , (42)
where
LGMT = −1
2
[
mλC
8∑
b=1
(
λbCλ
b
C
)
+mλ
15∑
b=1
(
λbAλ
b
A
)
+m′λBλB +H.c.
]
, (43)
give mass to the boson superpartners and
LsoftScalar = −m2ηη†η −m2φφ†φ−m2ρρ†ρ−m2χχ†χ−m2HH†H −m21φ†η′ −m2η′η′†η′ −m2φ′φ′†φ′
− m2ρ′ρ′†ρ′ −m2χ′χ′†χ′ −m2H′H ′†H ′ −m22φ′†η + [k1ǫijkρiχjηk + k2χρH + k′1ǫijkρ′iχ′jη′k
+ k′2χ
′ρ′H ′]. (44)
in order to give mass to the scalars, we have omitting the sum upon repeated
indices, i, j, k = 1, 2, 3 , and we only write the terms that respect R-parity
see Eq.(34). Finally, we have to add
−LSMT = m2LaL˜†aLL˜aL +m2la l˜c†aLl˜caL +m2Q3Q˜†1LQ˜1L +m2QαLQ˜†αLQ˜αL +m2ui u˜c†iLu˜ciL +m2di d˜c†iLd˜ciL
+ m2u′u˜
′c†
L u˜
′c
L +m
2
d
′
α
d˜′c†βLd˜
′c
βL +m
2
J J˜
†J˜ −∑
β
j˜†βm
2
jβ
j˜β + [υ1abǫL˜aLL˜bLη + υ2abL˜aLL˜bLH
+ ϑ1αiQ˜1Lη
′u˜ciL + ϑ2αQ˜1Lφ
′u˜′cL + ϑ3iQ˜1Lρ
′d˜ciL + ϑ4Q˜1Lχ
′J˜cL + ϑ5αiQ˜αLρu˜
c
iL
+ ϑ6αiQ˜αLηd˜
c
iL + ϑ7αQ˜αLφd˜
′c
L + ϑ8αβQ˜αLχj˜
c
βL] (45)
The pattern of the symmetry breaking in this model is given by
susy341
Lsoft7−→ SU(3)C ⊗ SU(4)L ⊗U(1)N
〈χ〉〈χ′〉7−→ SU(3)C ⊗ SU(2)L ⊗U(1)Y
〈ρ,η,φ,Hρ′η′,φ′,H′〉7−→ SU(3)C ⊗ U(1)Q. (46)
4 Double Chargino and Neutralino Produc-
tion e−e− → χ˜−−χ˜0
Models with SU(3) (or SU(4)) electroweak symmetry and left-right symme-
try (LR) may have doubly charged vector bosons and scalars, respectivelly.
model charginos and neutralinos
MSSM [12] χ˜±(2) χ˜0(4)
NMSSM [18] χ˜±(2) χ˜0(5)
SUSYLRT [19] χ˜±±(1) χ˜±(5) χ˜0(9)
SUSYLRD [20] χ˜±(6) χ˜0(11)
MSUSY331 [4] χ˜±±(5) χ˜±(8) χ˜0(13)
SUSY331RN [5] χ˜±(6) χ˜0(15)
SUSY341 χ˜±±(5) χ˜±(16) χ˜0(25)
Table 1: Spectrum of Charginos and Neutralinos in several SUSY models
This means that in some supersymmetric extensions of these kind of models
we will have double charged charginos [17]. On the table, Tab.(1), we show
the possible states in the supersymmetric models, in parenthesis we show
the number of states that they appear. Therefore we can distinguish the
differents models with base in the numbers of particles. In Left-Right Su-
persymmetric Model (SUSYLRT) the doubly charged higgsinos do not mix
with gauginos. The production of a double charged higgsino was studied in
[21].
Because of low level of SM backgrounds, the total cross section σ ≈
10−3nb at
√
s = 500GeV [22], e−e− collisions are a good reaction for discov-
ering and investigating new physics at linear colliders. With this process is
possible to study reactions that violate both lepton and/or fermion number,
and this kind of reaction are expected in supersymmetric models, as we will
briefelly present next.
In the minimal supersymmetric 331 model the chargino (neutralino) base
is given by
ψ++ =
(
−iλ++U ρ˜++ χ˜′++ H˜++1 H˜ ′++2
)t
ψ+ =
(
−iλ+W −iλ+V η˜′+1 η˜+2 ρ˜+ χ˜′+ h˜′+1 h˜+2
)t
Ψ0 =
(
−iλ3A −iλ8A −iλB η˜0 η˜′0 ρ˜0 ρ˜′0 χ˜0 χ˜′0 σ˜01 σ˜′01 σ˜02 σ˜′02
)t
(47)
while the base on the susy341 model is
ψ++ =
(
−iλ++U ρ˜++ χ˜′++ H˜++1 H˜ ′++2
)
ψ+ =


−iλ+W
−iλ+V1
−iλ+V2
−iλ+V3
η′+1
η+2
φ′+1
φ+2
ρ+1
ρ+2
χ′+1
χ′+2
H+1
H ′+2
H+3
H ′+4


Ψ0 =


−iλ3A
−iλX0
−iλX0∗
−iλ8A
−iλ15A
−iλB
η˜01
η˜02
η˜′01
η˜′02
φ˜01
φ˜02
φ˜′01
φ˜′02
ρ˜0
ρ˜′0
χ˜0
χ˜′0
H˜01
H˜02
H˜03
H˜04
H˜ ′01
H˜ ′02
H˜ ′03
H˜ ′04


(48)
The interaction lagrangian in the supersymmetric 331 model is presented
at Appendix A of [17], the respective lagrangian interaction in the susy341
model is given by
LlepllV =
g
2
L¯σ¯mλaLV am,
Llep
ll˜V˜
= − ig√
2
(L¯λaL˜λ¯aA − ¯˜LλaLλaA).
LgaugeλλV = −igfabcλ¯aAλbAσmV cm,
LScalar
H˜H˜V
=
g
2
[
¯˜ησ¯mλaη˜ +
¯˜
φσ¯mλaφ˜+ ¯˜ρσ¯mλaρ˜+ ¯˜χσ¯mλaχ˜+ ¯˜Hσ¯mλaH˜
− ¯˜η′σ¯mλ∗aη˜′ − ¯˜φ′σ¯mλ∗aφ˜′ − ¯˜ρ′σ¯mλ∗aρ˜′ − ¯˜χ′σ¯mλ∗aχ˜′ − ¯˜H ′σ¯mλ∗aH˜ ′
]
V am
+
g′
2
[
¯˜ρσ¯mρ˜− ¯˜χσ¯mχ˜− ¯˜ρ′σ¯mρ˜′ + ¯˜χ′σ¯mχ˜′
]
Vm. (49)
Comparing both lagrangian, we notice that both have the same structure.
Terefore, the Feynman rules in both model are the same, and they are given
in Table 2 we have defined the following operators:
O1ij = A
∗
i1(
√
3Nj2 −Nj1) +
√
2A∗i2Nj5 + A
∗
i5Nj8,
O2ij = −
(
D∗i1Ej2 −D∗i2Ej1 +D∗i4Ej3 +
1
2
D∗i7Ej8
)
. (50)
This implies new interactions that are not present in the MSSM, for instance:
χ˜−−χ˜0U++, χ˜−χ˜−U++, l˜−l−χ˜++ where χ˜++ denotes any doubly charged
chargino. Moreover, in the chargino production, besides the usual mecha-
nism, we have additional contributions coming from the U -bilepton in the
s-channel. Due to this fact we expect that there will be an enhancement in
the cross section of production of these particles in e−e− collisors, such as
the ILC.
Therefore the result to the light double chargino production are the same
as presented in [17]. We must remember that the susy341 model differ from
the minimal supersymmetric 331 model in the number of neutralinos. On
this way we can distuinguish between both models.
In the future, we want to compare the results about the double chargino
production on SUSYLRT, SUSY331 and SUSY341, bacause this kind of phe-
nomenology was not so much studied in the literature and it can be very nice
signal to new physics.. We believe that these new states can be discovered,
if they really exist, in linear colliders ILC.
5 Conclusions
We have built the complete supersymmetric version of the 3-4-1 model of
Ref. [6].
Vertices Feynman rules
l−l−U−− − ig√
2
CγmL
χ˜−−j χ˜
0
iU
−− ig
2
O1ijCγ
mR
χ˜−i χ˜
−
j U
−− ig
2
O2ijCγ
mR
l˜−1 l
−χ˜−−i −2iλ3Ai5 sin θfR
l˜−2 l
−χ˜−−i −2iλ3Ai5 cos θfR
l˜−1 l
−χ˜0i i
[
g
(
Ni1√
2
+ Ni2√
6
)
cos θfR− λ3 2√2 sin θfNi8R
]
l˜−2 l
−χ˜0i i
[
g
(
Ni1√
2
+ Ni2√
6
)
sin θfR + λ3
2√
2
cos θfNi8R
]
l˜+1 l
−χ˜0i i
[
g
(
N∗
i1√
2
+
N∗
i2√
6
)
cos θfL− λ3 2√2 sin θfN∗i8L
]
l˜+2 l
−χ˜0i i
[
g
(
N∗i1√
2
+
N∗i2√
6
)
sin θfL+ λ3
2√
2
cos θfN
∗
i8L
]
l˜+1 l
−χ˜−−i −igAi1 sin θfRC
l˜+2 l
−χ˜−−i −igAi1 cos θfRC
ν˜ll
−χ˜−i −iλ3 2√2D∗i7L
ν˜l
∗l−χ˜−i −iλ3 2√2Di7R
Table 2: Feynman rules derived from susy341 model in the same way as done
in [17].
From the phenomenological point of view there are several possibilities.
Since it is possible to define the R-parity symmetry, the phenomenology of
this model with R-parity conserved has similar features to that of the R-
conserving MSSM: the supersymmetric particles are pair-produced and the
lightest neutralino is the lightest supersymmetric particle (LSP).
While in the case that R-parity is not conserved we can induce masses to
neutrinos of the model in the same way as in the MSSM. We also studied the
proton decay problem in this model, and we show that it is in asgreement
with the experimental data.
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